We quantify the international spillovers of explicit FOMC policy rate guidance used as an unconventional monetary policy tool at the zero lower bound of the policy rate on international equity markets, considering equity indices of both advanced and emerging economies. We find that explicit FOMC policy rate guidance announcements at the zero lower bound led to higher equity prices in a number of advanced and emerging economies. Moreover, we find that equity indices of economies with lower sovereign ratings rose by more, consistent with the risk-taking channel of monetary policy.
International spillovers from US forward guidance to equity markets
Introduction
Forward policy rate guidance has become an important unconventional monetary policy tool since the zero lower bound was reached in the United States, and it is hoped that by affecting long-term interest rates, it can affect aggregate demand. Forward policy rate guidance has been used as an alternative unconventional monetary policy tool, in addition to large-scale asset purchases. In the words of the Chair of the Board of Governors of the Federal Reserve System, Janet Yellen, "Of course, many central banks have, in the wake of the crisis, found it challenging to provide appropriate monetary stimulus after their policy interest rate hit the effective lower bound. This is the point where "many instruments" enters the discussion. The main tools for the FOMC have been forward guidance on the future path of the federal funds rate and large-scale asset purchases. The objective of forward guidance is to affect expectations about how long the highly accommodative stance of the policy interest rate will be maintained as conditions improve. By lowering private-sector expectations of the future path of short-term rates, this guidance can reduce longer-term interest rates and also raise asset prices, in turn, stimulating aggregate demand." (Yellen, 2013) . Other major central banks introduced forward guidance at the zero lower bound in the wake of the global financial crisis, including the European Central Bank in July 2013 and the Bank of England in August 2013.
US monetary policy announcements can have important effects on foreign asset prices as well as domestic asset prices. But little quantitative analysis has been performed on the international spillover effects of forward policy rate guidance by the FOMC. Most of the literature so far has focussed on the international spillover effects from conventional monetary policy, and from unconventional monetary policy in the form of large-scale asset purchases, rather than on the international spillover effects from forward guidance about policy rates. It is therefore important to investigate whether US forward guidance about policy rates, an important monetary policy tool employed by the FOMC at the zero lower bound of the policy rate in the wake of the financial crisis, has affected foreign asset prices.
Explicit FOMC policy rate guidance at the zero lower bound can lead to higher foreign equity prices by leading to lower long-term US dollar real interest rates, which could 2 in turn lead to lower long-term real interest rates in other currencies, including via an international signalling channel. Lower long-term foreign currency real interest rates can lead to higher equity prices in foreign countries due to their use for discounting equity prices, and by increasing expectations of growth and thereby of corporate earnings. Lower long-term foreign currency real interest rates can also lead to higher equity prices in foreign countries since in a search for yield, fixed income investors with given nominal return goals may move into riskier equities (Rajan, 2013) , as part of the risk-taking channel of monetary policy (Borio and Zhu, 2012 The effect of FOMC forward guidance more generally on US Treasury yields is studied The analysis in this paper builds on Moessner (2013) , who studied the effects of explicit FOMC policy rate guidance on US interest rate expectations, and on Moessner (2014), who studied its effects on US equities and risk measures. In this paper we quantify the international spillovers from FOMC forward policy rate guidance used as an unconventional monetary policy tool at the zero lower bound to foreign equity prices, considering equity indices of both advanced and emerging economies. We find that explicit FOMC policy rate guidance announcements at the zero lower bound led to higher equity prices in a number of advanced and emerging economies. Moreover, we find that equity indices of economies with lower sovereign ratings rose by more, consistent with the risk-taking channel of monetary policy.
The outline of the paper is as follows. Section 2 presents the data, section 3 presents 5 the method and results, and section 4 concludes.
Data
We consider benchmark equity indices for both advanced and emerging economies de- The FOMC introduced date-based guidance that the federal funds rate would remain at exceptionally low levels "for some time" on 16 December 2008 , which was altered to "for an extended period" on 18 March 2009, to "at least through mid-2013" on 9 August 2011, to "at least through late 2014" on 25 January 2012, to "at least through mid-2015" on 13
September 2012. On 12 December 2012, threshold-based guidance was introduced (Table   1) . After a new wording of the FOMC's explicit policy rate guidance was introduced, this or a similar wording was repeated in subsequent FOMC statements, until it was changed for a new wording. To capture the surprise component of the statements, we only consider those dates, given in Table 1 , when a new wording was introduced, not those when a previous wording was repeated, in our main specification. We consider new explicit policy rate guidance from the time after the zero lower bound on policy rates had been reached on 16 December 2008, in order to avoid confusion with the effect from an actual change in the fed funds target rate. FOMC statements were released at 2:15pm
Eastern Time in the United States.
[ Table 1 about here]
Method and results
We regress daily percentage changes in international equity prices, ∆() = (() − ( − 1))(−1) * 100, on a dummy variable for the announcements of explicit FOMC policy rate guidance,    (), and on the surprise components of 11 US macroeconomic data releases,   (),  = 1  11, to control for the effects of US economic news, following the approach of Moessner (2013) who studied the effect of FOMC forward policy rate guidance on interest rate expectations, and Moessner (2014) who studied its effects on US equities and risk measures. For the equity index of each economy, the regression equation takes the form
where    () takes the value of 1 on days when the FOMC provided new explicit policy rate guidance after the zero lower bound on the policy rate had been reached, that is after 
On some dates the FOMC's explicit policy rate guidance coincided with the FOMC's announcements regarding asset purchases as part of the first Large-Scale Asset Purchase Programme (LSAP1), LSAP2, the Maturity Extension Program (MEP) and LSAP3 (see Hofmann and Zhu (2013) ). We therefore also estimate the effect of explicit policy rate guidance separately for those announcements where it was not associated with asset purchase announcements,     (), and those where it was associated with asset purchase
The dummy variable     () takes the value of 1 on dates when the FOMC provided new explicit policy rate guidance but did not make announcements on asset purchases ( and therefore more economically meaningful, and may capture a fuller reaction to the news. The advantage of using daily changes, ie a shorter 1-day window, for the event study regressions, is that the window is so narrow that less other news that could affect equity prices is contained within it. But the disadvantage of such a shorter window is that it may capture reactions that may be reversed later, or that it does not capture the full reaction.
Next, we present results for the effects of explicit FOMC policy rate guidance announcements on international equity prices. Results for the regressions of equation (1) are shown in Table 2 . We can see that for the 5-day window forward guidance led to significant increases in the equity indices of 5 of the advanced economies, namely Canada, [ Table 2 about here]
As a robustness check, we next add a dummy variable for forward guidance announcements with repeated wordings to the regression of equation (1). The results for the regression of equation (2) are shown in Table 3 . We can see that for the 5-day window, the dummy variable for forward guidance announcements with newly introduced wordings,
, is significant for the same 5 advanced and 10 emerging economies as for the main specification reported in Table 2 . For all equity indices where the reaction is significant, the coefficient on the dummy variable for forward guidance announcements with newly introduced wordings remains positive, and its magnitude again ranges from around 1 to around 5, as for the main specification of Table 2 . Moreover, the strongest increases in equity prices again occur for Brazil and Argentina. By contrast, the dummy variable for forward guidance announcements with repeated wordings,     (), is insignificant for all economies. This provides support for using only forward guidance announcements with newly introduced wordings in our main specification of equation (1), in order to capture the surprise components of the announcements. We can see that for the 1-day window, the dummy variable for forward guidance announcements with newly introduced wordings,    (), is also significant for the same economies as for the main specification reported in Table 2 ; the reactions remain positive for all equity indices where they are significant, again ranging from around 0.4 to around 2.2, and with the reactions again largest for Brazil and Argentina.
1
[ Table 3 about here]
As another robustness check, we estimate the effect of explicit policy rate guidance separately for those announcements where it was not associated with asset purchase announcements, and for those where it was, according to equation (3) . We can see from Table   1 The variable     () is significant in three countries for the 1-day window, including with a negative coefficient in one instance, but of small magnitude.
4 that for the 1-day window, the dummy variable for forward guidance announcements not associated with asset purchase announcements,     (), is significant for 9 economies, and many of the same economies as in the case of    () in the main specification of equation (1), except for Australia, Brazil and South Korea. The dummy variable for forward guidance announcements associated with asset purchase announcements,     (), shows more differences to the significance of    () in the main specification of equation (1), namely for Norway, Russia, Hong Kong SAR, Indonesia and Thailand. Where they are significant, all coefficients are again positive. These results suggest that the significance of forward guidance announcements in equation (1) is not just due to associated asset purchase announcements. But for the 5-day window,     () is significant for fewer of the same countries as    () in the main specification of equation (1) 
Where they are significant, all coefficients are again positive.
[ Table 4 about here]
Next, we study how the reaction of equity prices to US forward guidance announcements across countries depends on sovereign risk. We do so by performing a cross-country regression of the estimated coefficient  of equation (1) , for all the economies included above, namely Canada, the United Kingdom, the euro area, Switzerland, Sweden, Norway, Japan, Australia, Brazil, Mexico, Argentina, South Africa, Russia, China, South Korea, Hong Kong SAR, Indonesia, India, Thailand, Malaysia, and the Philippines,
We perform this regression for the reactions over both the 1-day and 5-day windows, using White heteroskedasticity-consistent standard errors. We use the S&P sovereign rating for foreign currency long-term debt. The ratings are collected at year-end, and we take an average over the year-ends of 2004-2012 which are included in our sample. For the euro area, we take a simple average of the ratings for Germany, France, Italy and Spain. The ratings are translated from the letter ratings AAA, AA+ etc. to numerical ratings from 20 to -1 as shown in Table 5 , with higher ratings receiving a higher numerical score. The results for the reactions for both the 1-day and 5-day windows are shown in Table 6 . We can see that for both the 1-day and the 5-day windows, the coefficient  in equation (4) is significantly negative, implying that the estimated coefficient for the reactions of the equity indices to US forward guidance announcements tends to be larger the lower the sovereign rating. This effect is more significant for the 1-day window, at the 5% level, compared with at the 10% level for the 5-day window, but it is somewhat larger for the 5-day window. These results are consistent with the risk-taking channel of monetary policy, in that equity indices in economies with greater sovereign risk tend to rise by more in reaction to explicit FOMC policy rate guidance announcements.
[ Tables 5 and 6 about here]
Conclusions
We quantified the international spillovers of explicit FOMC policy rate guidance used as an unconventional monetary policy tool at the zero lower bound of the policy rate on international equity markets, considering equity indices of both advanced and emerging economies. We found that explicit FOMC policy rate guidance announcements at the zero lower bound led to higher equity prices in a number of advanced and emerging economies.
Moreover, we found that equity indices of economies with lower sovereign ratings rose by more, consistent with the risk-taking channel of monetary policy. […] the Committee will maintain the target range for the federal funds rate at 0 to 1/4 percent and anticipates that economic conditions are likely to warrant exceptionally low levels of the federal funds rate for an extended period.
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The Committee currently anticipates that economic conditions--including low rates of resource utilization and a subdued outlook for inflation over the medium run--are likely to warrant exceptionally low levels for the federal funds rate at least through mid-2013. 25 January 2012
[…] the Committee […] currently anticipates that economic conditions--including low rates of resource utilization and a subdued outlook for inflation over the medium run--are likely to warrant exceptionally low levels for the federal funds rate at least through late 2014. 13 September 2012
[…] the Committee […] currently anticipates that exceptionally low levels for the federal funds rate are likely to be warranted at least through mid-2015. 12 December 2012
[…] the Committee […] currently anticipates that this exceptionally low range for the federal funds rate will be appropriate at least as long as the unemployment rate remains above 6-1/2 percent, inflation between one and two years ahead is projected to be no more than a half percentage point above the Committee's 2 percent longer-run goal, and longer-term inflation expectations continue to be well anchored.
[…] a Based on FOMC press releases.
b From FOMC press releases. 
